Cytologic and histologic examination of 91 canine mammary masses was performed by two cytologists and two histopathologists. Ten important cytologic criteria of malignancy for canine mammary tumors were identified. A cytologic grading system for differentiation of benign from malignant mammary tumors was proposed using these criteria. With this system, approximately one fourth of the malignant mammary tumors were given a concordant cytologic diagnosis. Approximately one-half of the benign masses were given a concordant cytologic diagnosis by the two cytologists. One-half of all the tumors examined were given inconclusive cytologic diagnoses by both cytologists. The cytologic identification of spindle cells did not differentiate complex and mixed mammary tumors from simple tumors. Only five of the animals studied died of mammary cancer, precluding a critical analysis of the cytologic criteria for prediction of cancer mortality.
Tumors of the mammary gland are a common clinical problem in the adult bitch, comprising up to 52% of all neoplasm^.^ The frequency of malignancy among mammary tumors is approximately 50%.4~8~28 The disease is commonly multicentric, and tumors in a single dog may be of more than one type.9, 25,32.36 Clinical findings identified by history or physical examination that could indicate malignancy include a tumor diameter of greater than 5 cm, recent rapid growth, infiltration of surrounding tissues, erythema, and edema.3,4,34 Most canine mammary tumors (Le., benign and malignant) exhibit none of these findings. Other prognostic indicators (i.e., cellular differentiation and invasion of surrounding stroma) are identifiable only through histologic examination. Since the most common treatment for canine mammary neoplasia is surgical excision, definitive therapy often is pursued prior to diagnosis of the disease.
The safety of fine needle aspiration cytology as a preoperative diagnostic test of breast cancer in women has been e s t a b l i~h e d .~,~~ It has been shown to be highly accurate (false positive rate less than 1%) in studies comparing cytologic with subsequent histologic findings. 11, 20, 43, 44 In a comparable study in the dog, 19 mammary tumors were examined cytologically and histologically. Eight out of 17 mammary carcinomas were given a concordant cytologic diagnosis, and two adenomas were diagnosed cytologically as carcinoma. l5 The clinical applications of cytologic diagnosis of canine mammary neoplasia are many. If a mass is diagnosed as benign, the choice to forego or postpone surgery may be made safely if the animal has other more serious clinical problems. In cases of apparent inoperable malignant mammary gland neoplasia, a positive cytologic diagnosis may spare the patient the need for a confirmative surgical biopsy. Knowing which of multiple mammary masses are benign and which are malignant may guide the surgical approach to be followed. Finally, suspected local recurrence of a malignant tumor may be documented cytologically, precluding the need for diagnostic surgical intervention.
Our objectives in this study were to identify cytologic criteria of malignancy for canine mammary tumors and to develop a grading system for differentiating benign from malignant mammary masses. Another objective was to cytologically identify the myoepithelial cell, and thus differentiate the simple tumor from the complex or mixed tumor described by the World Health Organization histologic classification system, as the complex or mixed tumor carries a better prognosis than the simple tumor." The final objective was to determine whether cytologic findings could predict cancer mortality.
Materials and Methods
Thirty-seven dogs presented to the University of Georgia Veterinary Medical Teaching Hospital were included in the study. Mammary gland masses were the chief complaint of the owner in 2 1 dogs, and they were an incidental finding in 16 dogs. Ninety-one lesions were studied. Four experimental animals with no evidence of mammary neoplasia by gross and histologic examination of mammary tissue served as normal controls.
Cytologic samples collected preoperatively included fine needle aspirations, nipple secretions, and scrapings of ulcerated lesions. Three milliliter syringes and 22 gauge needles were used for fine needle aspirations, and scalpel blades were 649 used for scrapings. If more than approximately 0.5 ml of fluid was obtained by fine needle aspiration, the sediment, after centrifugation, was smeared on a glass slide. Immediately after preparation and while still wet, all smears were placed in 95% ethanol for fixation. Wet fixation of smears does not spread the cells on the slide as does air drying. This results in a three dimensional appearance. Consequently, not all of the cell's features will be in focus in an individual focal plane, as is evident in the figures. The smears were left in the fixative for at least 30 minutes prior to staining but can be left in 95% ethanol for up to 1 year.3o A modification of the Sano Trichrome staining method was used for all cytologic smears.3o Each mammary mass or control mammary tissue was excised, and a section was taken from the area of fine needle aspiration. An imprint was made prior to formalin fixation in an effort to ensure that the cells from the aspirates were the same as those examined histologically. One investigator prepared all the cytologic and histologic samples. Samples for histopathology were embedded in paraffin, sectioned at 6 pm, and stained with hematoxylin and eosin (HE).
Follow-up information (minimum 1 year) was obtained from the owners of the animals studied. Those animals that died perioperatively (within 3 weeks of surgery) and had had extensive local mammary cancer or evidence of metastatic disease, those with disseminated mammary cancer at necropsy, and those euthanized due to recurrent mammary cancer were considered deaths due to the disease.
Two cytologists independently examined the slides without knowledge of their origin. The number of slides per tumor varied. Each smear was evaluated for 20 specific cytologic criteria which were selected prior to the study based upon a nuclear criteria evaluated included variable nuclear size, nuclear giant forms, abnormal nuclear shape, nuclear projections or lobulations, nuclear molding, nuclear or cytoplasmic membrane distortion, abnormal multinucleated cells, abnormal mitotic figures, and a high nuclear to cytoplasmic ratio. The chromatin and nucleolar patterns were judged by observation of the following: irregular chromatin shapes, variable chromatin size, coarse chromatin with scanty cytoplasm, parachromatin clearing, variable nuclear membrane thickness, variable nucleolar number, abnormal nucleolar shape, and macronucleoli. The remaining three criteria were high cellularity, poor intercellular cohesion, and the presence of spindle cells. If fewer than 100 cells were present on a given slide, that slide was considered inadequate. If a specific criterion was present in one or many cells, a score of '1' was recorded. If the criterion was not seen in any cells, a score of '0' was recorded.
Nuclear giant forms were defined as nuclei that were at least two times as large as the nuclei of normal or benign epithelial cells. Benign mammary epithelial nuclei were 6 to 8 pm in diameter. Any deviation in shape from the round to oval nucleus seen with benign mammary epithelium was considered abnormal. Nuclear molding in separate cells was defined as one nucleus molding itself around a neighboring nucleus in the absence of cell crowding. Nuclear or cytoplasmic membrane distortion included distortion of the cytoplasmic membrane by the nuclear contour, or distortion of the nuclear contour by a cytoplasmic organelle (i.e., a vacuole indenting the nucleus). A multinucleated cell was review of the pertinent literature.6.7.l1,12,16.19,21-24.26,27,31,39, 42 The judged abnormal if the nuclei exhibited criteria of malignancy (i.e., variable chromatin and nucleolar patterns). Mitotic figures that were asymmetrical or showed trisomy were considered abnormal. If the nucleus to cytoplasm ratio was greater than 1 : 2, it was considered high. Abnormal chromatin clumps were those of variable size, or those of any shape other than the round forms seen in normal mammary epithelial cells. Coarse chromatin with scanty cytoplasm referred to cells with large chromatin clumps dispersed unevenly throughout the nucleus, and a thin rim of perinuclear cytoplasm. Parachromatin clearing was represented by discrete, sharply demarcated pale areas in a nucleus with a dense chromatin pattern. Nucleoli were distinctly more eosinophilic than chromatin clumps. Variation in the number of nucleoli per nucleus was recorded as abnormal when one or a number of cells contained nuclei with more than three nucleoli. Abnormal nucleolar shape was any shape other than round or oval. The nucleoli of normal mammary epithelial cells were less than 2 pm. Macronucleoli were at least two times the normal size. Those slides with many clusters of cells, or many individual cells dispersed throughout the smear, were considered highly cellular. Monolayer sheets or clusters of more than 25 cells each were considered evidence of good intercellular cohesion; poor intercellular cohesion was demonstrated by individual cells or clusters of less than 25 cells. Finally, the presence of spindle-shaped cells was recorded. These were cells with oval, elongated nuclei and a small amount of attenuated cytoplasm. These cells were not considered to be a feature of malignancy, but an indication of a myoepithelial or mesenchymal component in the tumor.
Two histopathologists independently examined the same sections. For each tumor, a diagnosis of benign or malignant was given. Each tumor was also designated as simple, complex, or mixed according to the World Health Organization classification system.I7 If there was any disagreement between the histopathologists, a third histopathologist was consulted, and the final diagnosis agreed upon.
Upon completion of the cytologic and histologic examinations, each cytologic criterion was correlated with the status of benign or malignant. Two-by-two contingency tables and Chi-square analysis were performed for each criterion other than spindle cells. Sensitivity, specificity, predictive value positive, and predictive value negative calculations also were made for each criterion. The presence of spindle cells on the cytologic smears was correlated with whether the tumor was simple, complex, or mixed by the same statistical method. Separate calculations were made for the findings of each cytologist. The results of the Chi-square analyses for each criterion were tested for heterogeneity to detect differences in the findings of the cytologists.
All cytologic criteria for all tumors on each animal were listed by animal. The presence or absence of each criterion was correlated with whether the dog died of mammary cancer. The sensitivity, specificity, and Youden's J indices were calculated for each cytologist. The results of the cytologists were compared with a t-test.
Results
There were adequate histologic and cytologic samples for 75 mammary gland lesions (33 dogs). Thirty- t Chi-square values between cytologists were significantly different. six masses were malignant, 33 were benign tumors, and six were cases of localized lobular hyperplasia based on histologic examination. The benign tumors and lobular hyperplasia were grouped together to make a total of 39 benign mammary masses. The two histopathologists agreed on the status of benign or malignant in 82 of the original 91 lesions studied. The third histopathologist's opinion resolved the discrepancy in the remaining nine. Thirty-five of the masses were simple, and 40 were either complex or mixed. All combinations of benign or malignant, simple, complex, or mixed tumors were seen. Cytologic smears from the normal mammary glands (confirmed histologically) of the control dogs were either acellular or contained only blood or adipocytes. Those cytologic criteria which correlated significantly (I' < 0.05) with malignancy for one or both cytologists are listed in Table 1 . The Chi-square values for these criteria were consistent between the two cytologists for all but three criteria. The three criteria for which the Chi-square values were significantly different included nuclear or cytoplasmic distortions, a high nuclear to cytoplasmic ratio, and variable nucleolar number. Those criteria tested that are not listed in Table  1 were not significant for either cytologist, and the results between the two cytologists were consistent. Variation in nuclear size was a significant criterion of malignancy (sensitivity 94% for cytologist 1, 97% for cytologist 2). Its absence was also important (predictive value of benign condition by its absence, 83% and 86%, respectively). Nuclear giant forms were rare in benign cells (80% specificity for both cytologists) (Figs. 1, 2) . Nuclear or cytoplasmic membrane distortions were significant when noted (specificity, 92% and 85%, respectively), but were not commonly seen. A high nucleus to cytoplasm ratio was a highly significant indicator of malignancy for cytologist 1, but poor for cytologist 2. Irregular shapes and sizes of chromatin clumps helped differentiate benign from malignant lesions for both cytologists (Figs. 1, 3) . Parachromatin clearing was only a moderately significant criterion (Fig.  4) . Nucleolar patterns were helpful in predicting malignancy, especially if macronucleoli were noted.
Small clusters or single cells were predominant in most smears from malignant lesions. Large monolayer sheets or tissue formations (Figs. 1, 5) were seen with benign lesions, but small clusters or single cells were the predominant cellular arrangement. Therefore, poor intercellular cohesion was not a good indicator of malignancy. Abnormal nuclear shapes were not seen significantly more often with malignant than with benign lesions. Nuclear molding and abnormal multinucleated cells (Fig. 6 ) did not differentiate malignant from benign lesions. The presence of abnormal mitotic figures, while significant when noted (predictive value positive, loo%), were rarely seen (three times by cytologist 1, never by cytologist 2). Neither the presence of coarse granular chromatin with scanty cytoplasm nor variation in the thickness of the nuclear membrane differentiated malignant from benign lesions.
Cytologic smears from both benign and malignant lesions were generally highly cellular. Smears from fine needle aspirations were more cellular and allowed better preservation of cellular architecture than scrapings, nipple secretions, or impression smears.
The ten criteria which significantly correlated with malignancy listed in Table 1 were each given a score of 1, and the scores for each tumor were added. Using two-by-three contingency tables and Chi-square analysis, score ranges that would differentiate benign from malignant lesions were determined (Table 2) . Sensitivity, specificity, predictive value positive, predictive value negative, and overall diagnostic accuracy were calculated for the proposed grading system (Table 3) . 
Other features of cells in a different focal plane.
Spindle cells were noted on the cytologic smears from 11 and 39 masses by cytologists 1 and 2, respectively. These findings did not correlate significantly with the 45 tumors which were complex or mixed, however. The presence of spindle cells on the cytologic smears was, therefore, not a significant criterion for differentiation of simple tumors from complex and mixed tumors.
Of the 33 dogs studied, four died and one was euthanized as a result of mammary cancer, and 19 were * Grading system proposed after the ten significant criteria listed in Table 1 were identified. Data corresponds to the number of tumors with a score in the range given, P = 0.001 and 0.026, respectively.
alive 1 year after surgery. Of the remaining nine animals, four were euthanized and one died as a result of causes unrelated to mammary cancer, and four were lost to follow-up. None of the cytologic criteria predicted mammary cancer mortality. The Youden's J indices were consistent between cytologists with the exception of abnormal mitotic figures and nuclear or cytoplasmic membrane distortions for which there was a significant difference. The proposed cytologic grading system did not significantly predict mammary cancer mortality for either cytologist when two-by-three contingency table analysis was performed comparing cytologx grade to deaths due to mammary cancer. The low mammary cancer mortality precluded a critical analysis of the cytologic criteria for prognostic significance, however.
Discussion
Ten cytologic criteria were found to be significant (P < 0.05) predictors of malignancy for one or both cytologists in this study. An irregular chromatin pattern was a significant criterion of malignancy, as has been noted by similar studies of h~m a n~.~,~~J~~~~.~~~~~~~~ Abnormalities in nucleoli were also significant in our series, as has been noted in h~m a n~~~~~~~~ and in the dog.31 Variation in nuclear size was seen in both benign and malignant lesions, but more often with malignancy, a finding which agrees with observations of human breast ~a n c e r .~ Cytoplasmic projections have been noted in malignant mammary tumors in the dog,31 and although significant when seen by one cytologist in this study, they were an infrequent finding.
Abnormal mitotic figures have been mentioned as indicators of breast carcinoma in human^.^ While they were only seen with malignant tumors in this study, their rare occurrence prevents their presence from being an important criterion. The degree of cellularity was not a good criterion with which to differentiate benign from malignant lesions in our study. The reason given for this in humans is that atypical hyperplastic lesions yield cells for cytologic preparations as readily as carcinomas.' Poor intercellular cohesion has been noted as a cytologic characteristic of mammary carcinoma in the dog3' and in humans,7.20-23%42 but was not found to be so in our study. Nuclear molding and irregular nuclear membranes were not significant cytologic criteria of malignancy in our study although these have been noted to be significant in human breast ~a n c e r .~ Romanowsky type staining methods require fixation by air drying, which flattens the cells onto the slide. This allows good visualization of the size of structures in isolated cells, but the cellular details in large, multilayered cell clusters are obscure. The wet fixation of cells in Papanicolaou type stains, such as the Sano Trichrome staining method, provides a three dimensional image of the cells on the smear. This three dimensional quality is necessary for structures to retain their shape. It also allows separate, distinct visualization of structures which are adjacent and deep to one another, through the use of multiple focal planes. Consequently, the size of cellular structures (ie., nuclei, nucleoli, and chromatin clumps), and cell to cell relationships (i.e., intercellular cohesion) can be appreciated with both types of stains. However, the shape of chromatin clumps and nucleoli, nuclear or cytoplasmic distortions, and parachromatin clearing, which are four of the ten important cytologic criteria identified in this study, are best appreciated in smears prepared with wet fixation. Hematoxylin and eosin (HE) stains can be applied to cytologic smears prepared with wet fixation, should they be preferred by cytologists unfamiliar with Papanicolaou type stains.
Cytologic smears from normal canine and human mammary tissue are hypocellular and contain many adipocyte~.~,~~ Nipple secretions of lactating women and dogs generally yield mostly lipid laden cells (foam cells) and an occasional ductular epithelial cell.27,31 The apo-crine cells noted in human breast cytologic smears were not seen in this Using the grading system proposed in Table 2 , the accuracy achieved for the 75 tumors studied by both cytologists is depicted in Table 3 . While good false positive (number of benign lesions diagnosed as malignant) and predictive value positive (number of correct positive diagnoses) results were obtained by both cytologists, a small percentage of the malignant tumors were diagnosed as such, as reflected by the sensitivity figures (25% and 17% for cytologists 1 and 2, respectively). If inconclusive diagnoses are not considered as incorrect but as non-diagnoses, the overall diagnostic accuracies were 79% and 66%, respectively. While our false positive and predictive value positive figures are comparable to those achieved for humans, the sensitivity achieved in many studies of humans are much higher: greater than 80% in tumors diagnosed cytologically and confirmed hist~logically.~.~ 3.37,40.43, 44 Several problems were encountered during this study. If necrosis or inflammation was prominent in the tumor, the cytologic specimens may not have been truly representative of the neoplasm present. Mixed tumors with bone or cartilage yielded osteoclasts and rarely hematopoietic cells (if marrow was present in the bone) which initially may not have been recognized as such when prepared with a Papanicolaou type stain. Cytoplasmic elements and consequently cell type are poorly demonstrated by this stain. Although we attempted to ensure that cytologic and histologic samples were from the same area of tumor by imprinting tissue sections, these imprints were often inadequate (too few epithelial cells) for cytologic examination. Fine needle aspirates were consistently superior preparations. Sediment smears also were poor specimens, as degenerative changes had taken place prior to wet fixation.
We were unable to differentiate simple tumors from complex or mixed tumors by recognition of spindle shaped cells. The myoepithelial cell of the human breast is described as a cell with a bipolar nucleus with condensed chromatin and no nucleoli, and devoid of cyt o p l a~m . '~,~~ Either the spindle forms recognized cytologically in our study were not truly myoepithelial cells, or they represented cells other than myoepithelium as well. None of the cytologic criteria evaluated predicted mammary cancer mortality. Few animals actually died of mammary cancer, making this analysis difficult. Nuclear giant forms, carcinoma cells devoid of cytoplasm, macronucleoli, and poor intercellular cohesion have been reported as predictors of a poor prognosis in human breast cancer. 26.38.39 Ten cytologic criteria of malignancy of importance in canine mammary tumors have been identified by this study. By applying the cytologic grading system proposed, 25% and 17% (cytologist 1 and 2, respectively) of the malignant tumors were diagnosed with a 90% and 100% confidence level. Of the benign masses, 62% and 49% were diagnosed with a 75% and 59% confidence level, respectively. Of the tumors examined, 44% and 49% were given inconclusive diagnoses, It is our goal to decrease the number of tumors that fall into this category and to improve overall diagnostic accuracy as experience with the technique is gained. Such has been the case in repeated studies of human breast cancer. 1,7,14
